Aim. To gain an insight into the effect of HCV replication-associated interference with the IFN system on hepatic mRNA expression involved in IFN production. Methods. Relative mRNA expression of TLR3/RIG-I signaling genes involved in IFN-production was correlated with positive-and negative-strand HCV RNAs in pretreatment liver tissues responsive and nonresponsive to peginterferon and ribavirin for chronic hepatitis C genotype 1. Treatment response was analyzed for per protocol population at weeks 12 ( = 45) and 24 ( = 40) and at 24 weeks aftertreatment ( = 38). Results. HCV replication had no relation to the expression of TLR3, RIG-I, TRIF, IPS-1, IRF3, and IFN-mRNAs in responders. In striking contrast, positive-and/or negative-strand HCV showed positive correlations with TLR3, RIG-I, TRIF, IPS-1, and IRF3 mRNAs in week-12 nonresponders; with RIG-I, TRIF, IPS-1, and IRF3 mRNAs in week-24 nonresponders; and with TLR3, RIG-I, and IRF3 mRNAs in posttreatment nonresponders. Thus mRNA expression of TLR3/RIG-I signaling genes was increased in relation to viral replication in nonresponders. Conclusions. The findings in IFN nonresponders may imply a host feedback response to severe impairment of the IFN system associated with HCV replication.
Introduction
Upon recognition of hepatitis C virus (HCV) infection by Toll-like receptor 3 (TLR3) and retinoic-acid inducible gene I (RIG-I), the innate immune response is promptly activated in hepatocytes. The two pattern recognition receptors (PRRs) recruit their respective adaptors, Toll/interleukin-1 receptordomain containing adaptor inducing interferon (IFN)-(TRIF) and IFN-promoter stimulator-1 (IPS-1), that relay the signal to downstream IFN regulatory factor-3 (IRF3), leading to the induction of IFN-, known as the "front line" of host antiviral defenses in the liver [1, 2] .
HCV has evolved highly successful multiple mechanisms for counteracting host antiviral responses. HCV NS3/4A serine protease in infected cells cleaves TRIF and IPS-1 and thereby disrupts the signal for IFN-induction [3] [4] [5] . HCV interferes with various aspects of the downstream IFN action [6] . For example, HCV disrupts JAK-Stat signaling by NS5A and inhibits protein kinase R by NS5A and E2 proteins. Recent studies demonstrated that interference of HCV proteins with IFN production and its action depends on the levels of HCV propagation [7, 8] .
Under the circumstances, we hypothesized that HCV replication-associated interference with the host IFN system may cause changes in hepatic gene expression involved in IFN production at the mRNA levels and that, if so, this host feedback response may occur in different fashion according to responsiveness to IFN-based therapy as interference with the host IFN system is considered to be more severe in nonresponders. To gain an insight into this hypothesis, we measured hepatic mRNA expression involved in IFN-production, and the results were correlated with copy numbers of liver positive-and negative-strand HCV RNAs using pretreatment liver tissues responsive to IFN-based treatment and liver tissues that were nonresponsive to the treatment. Variables are presented as mean ± SD. a Statistically significant difference P < 0.05 between responders and nonresponders.
Patients and Methods

Liver Tissues Responsive and Nonresponsive to IFN-Based
Treatment. Liver tissues were obtained from 45 patients with chronic hepatitis C genotype 1 before 48-week treatment with weight-based doses of PEG-IFN-2b (PEG-Intron; MSD K.K., Tokyo, Japan) and ribavirin (Rebetol; MSD K.K.) [9] . A portion of the liver biopsy specimen was immediately frozen and stored at −80 ∘ C for real-time PCR. Slow virologic responders showing HCV RNA clearance after week 12 were assigned to 72-week extended treatment. Treatment response was analyzed for per protocol population at week 12 ( = 45), week 24 ( = 40), and 24 weeks aftertreatment ( = 38). Table 1 summarizes the study cohort regarding achievement of complete early virologic response (cEVR) (serum HCV RNA clearance at week 12), virologic response at week 24 (VR24) (HCV RNA clearance at week 24), and sustained virologic response (SVR) (HCV RNA clearance at 24 weeks aftertreatment). The SVR group was younger and tended to be more treatment-naïve than the non-SVR group. Otherwise, no difference was seen in gender, serum alanine aminotransferase (ALT), serum HCV RNA, and liver histology. The study was approved by the local research ethics committee in accordance with the 1975 Declaration of Helsinki, and all patients provided written informed consent.
Hepatic mRNA Quantitation.
Relative mRNA expression of TLR3, RIG-I, TRIF, IPS-1, IRF3, and IFN-was determined by real-time PCR [9] . Total hepatic RNA was extracted using the TRIzol Reagent (Invitrogen, Carlsbad, CA). One g of RNA was denatured at 65 ∘ C for 15 s and 60 ∘ C for 1 min, in an ABI PRISM 7900 Sequence Detection System (Applied Biosystems). Duplicate cycle threshold (Ct) values were analyzed by using the comparative Ct (ΔΔCt) method. The relative amount of target mRNA (2 −ΔΔCt ) was obtained by normalization to an endogenous GAPDH reference and expressed relative to the amount from normal liver tissue derived from an HCV-uninfected individual who had received hepatectomy for a metastatic liver tumor.
Virologic and Histologic
Evaluation. HCV replication was evaluated by serum HCV RNA levels (COBAS AMPLICOR HCV MONITOR Test v.2.0, Roche Diagnostics K.K., Tokyo, Japan) and copy numbers of liver positive-and negativestrand HCV RNAs as measured by strand-specific real-time PCR [10] . Liver histology was assessed using the Knodell score [11] .
Statistical Analysis.
Data on continuous variables were presented as mean ± SD. An arbitrary value of 0 was attributed to the liver tissues negative by PCR to detect host mRNAs and viral RNAs. The range of serum HCV RNA quantitation was from 3.7 to 6.7 log IU/mL. For statistics, an arbitrary value of 7 log IU/mL was attributed to HCV RNA levels of >6.7 log IU/mL. Group comparisons were performed by nonparametric tests (Wilcoxon and Mann-Whitney) for continuous variables and by Fisher's exact test for binary variables. Spearman rank order correlations were used to study the relationship between the variables. A value of < 0.05 (two-tailed) was considered to indicate significance.
Results
The relationship of hepatic PRR signaling gene expression with hepatic and circulating HCV loads was analyzed regarding responsiveness to PEG-IFN and ribavirin. In liver tissues showing cEVR, none of the mRNA expressions studied (TLR3, RIG However, the correlations of IFN-mRNA with positive-and negative-strand HCV RNAs did not reach a significant level ( = 0.309, = 0.090 and = 0.275, = 0.134, resp.). Unexpectedly, these figures in nonresponders were not seen when HCV propagation was assessed by circulating HCV loads. No relationship was found between serum HCV RNA levels and any mRNA expression in liver tissues (Figure 1 ). Supplementary Figure 2 represents the interrelationship of liver positiveand negative-strand HCV RNAs and serum HCV RNA in the study cohort. Liver positive-and negative-strand HCV RNAs were closely correlated ( = 0.801, < 0.001), whereas there were significant but weak correlations between serum HCV RNA and liver positive-and negative-strand HCV RNAs ( = 0.474, = 0.001 and = 0.476, = 0.001, resp.).
The relationship between hepatic gene expression and HCV loads was further investigated with regard to treatment responsiveness at later time points. Like liver tissues showing cEVR, none of the mRNA expression levels showed a relationship with hepatic HCV loads when liver tissues showing VR24 and SVR were analyzed. On the other hand, the expression of a certain set of the PRR signaling genes, albeit not all, showed significant correlations with hepatic HCV loads in nonresponders. Positive-and/or negative-strand HCV (Table 3) . Again, the relationship of circulating HCV RNA with hepatic mRNA expression was not evident, regardless of treatment responsiveness. A significant relationship was seen only between serum HCV RNA and RIG-I mRNA expression in liver tissues without SVR ( = 0.511, = 0.043).
Discussion
Previous studies showed that HCV proteins produced in infected cells impair the PRR signaling involved in IFNproduction via cleavage of TRIF and IPS-1 [3] [4] [5] and further impair downstream IFN action in various ways [6] . It has also been demonstrated that impairment of the host antiviral response by HCV depends on HCV propagation. The cleavage of IPS-1 by HCV NS3/4A serine protease is more extensive in the liver with high levels of HCV propagation [7, 8] .
Hepatic mRNA expression of downstream IFN-stimulated genes (ISGs) is negatively correlated with hepatic HCV loads, indicating HCV replication-related impairment of antiviral signaling involved in ISG expression [8] . How hepatic HCV propagation is related to the expression of various PRR signaling genes involved in IFN-production has not been fully clarified.
Of the PRR signaling genes, some are known ISGs (TLR3, and RIG-I), while others (TRIF, IPS-1 and IRF3) are not. We found that pretreatment hepatic mRNA expression of these genes uniformly increased in parallel with hepatic HCV loads in patients not attaining early antiviral response to PEG-IFN and ribavirin. In striking contrast, these increases were absent in responders. In IFN nonresponders, HCV replication-related increase in the mRNA expression of the PRR signaling genes was not accompanied with that in IFN-mRNA expression. The mechanism underlying these findings remains unclear. Thus far, impairment of IFN production and its action has not been well studied regarding responsiveness to exogenous IFN. Our results may imply differential impairment of the host antiviral response by HCV propagation in liver tissues responsive and nonresponsive to exogenous IFN. HCV propagation may cause more severe impairment in IFN nonresponders compared with responders and, in turn, work host feedback systems to upregulate the PRR signaling gene expression involved in IFN production at the mRNA level.
Further studies are needed to address these unresolved issues. Unlike hepatic HCV loads, circulating HCV loads showed much less evident correlations with the PRR signaling gene expression in IFN nonresponders. This discrepancy may imply that circulating HCV loads do not correctly reflect HCV loads in liver tissues, which are the key compartments in which viral propagation occurs, and the HCV proteins produced interfere with IFN production and its action. Circulating HCV loads can be modified by various factors after release of HCV particles from hepatocytes, including the degree of immune clearance. Indeed, liver positive-and negativestrand HCV RNAs were closely correlated in our study cohort, whereas serum HCV RNA was weakly correlated with liver positive-and negative-strand HCV RNAs.
Conclusions
Hepatic mRNA expression of the PRR signaling genes involved in IFN production showed differential relationship with hepatic HCV loads in responders and nonresponders to IFN-based treatment. In liver tissues of nonresponders, the expression of various PRR signaling genes was uniformly increased at the mRNA levels in parallel with HCV loads. These figures were absent in liver tissues of responders. Given that interference of HCV proteins with IFN production and its action depends on the levels of HCV replication; the findings in nonresponders may reflect a host feedback response to 
